(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
14 February 2002 (14.02.2002) 




PCT 



iiimi ii mi i inn mi iii ii iii 

(10) International Publication Number 

WO 02/12043 Al 



(51) International Patent Classification 7 : B60T 17/22, 

G01L 5/28 

(21) International Application Number: PCT/GBO 1/03494 

(22) International Filing Date: 3 August 2001 (03.08.2001 ) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

00 1 9250.0 4 August 2000 ( 04.08.2000) GB 

0030927.8 19 December 2000 ( 1 9. 12.2000) GB 

(71) Applicant (for all designated Stales except US): DUN- 
LOP AEROSPACE LIMITED ( GB/GB]; Holbrook 
Lane, Coventry, West Midlands CV6 4AA (GB). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): MILLER, Richard, 
John [GB/GB]; 13 Delaware T*oad, Coventry CV6 LY 
(GB). BAILEY, David, Alexander [GB/GB]; 47 Aintree 



Road, Stratford-Upon-Avon, Warwickshire CV37 9FU 
(GB). MARSHALL, Ross, John | GB/GB], Valencay, 
Strone, Dunoon, Argyll PA23 8RR (GB). GRIFFIN, 
Nicholas, Charles |GB/GB j; The Old Post Office, Norton 
Lindsey, Warwick CV35 8JL (GB). 

(74) Agent: LAURENCE, Shaw; Laurence Shaw &. Asso- 
ciates, 5th Floor, Metropolitan House, 1 Hagley Road,Edg- 
baston, Birmingham B16 8TG (GB ). 

(81) Designated States (national): A 13, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CI I, CN, CO, CR, CU, 
CZ, DE, DK. DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, ITR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, IT, LU, LV, MA, MD. MG, MK, MN, MW, 
MX, MZ ; NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, 
SL, TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, 
ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU,TJ,TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR. GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 

[Continued on next page] 



(54) Title: BRAKE CONDITION MONITORING 



o 

o 




10 



S 



(57) Abstract: System and method tor monitoring the applications of the hrakes, e.g. of an aircraft to determine brake condition and 
operate a brake maintenance programme or charge a brake system user. It is desirable to have accurate information for determining 
the condition and predicting the life of carbon-carbon brake discs. This is important for safety as well as commercial reasons. The 
number of landings of an aircraft is often used as a determinant for such as lifetime warranties for brake discs and recommended 
maintenance periods. However, al least for carbon disc brakes, this may not be entirely accurate. For example such brake discs also 
wear during taxiing. The system and method herein includes monitoring each actuation of the brakes and making a separate record 
of each actuation of the brakes in which there is relative movement of the facing friction surfaces that cause wear, and from that 
separate record determining brake usage. The monitoring may include measuring changes and processing the signals to distinguish 
between those which fall below and those which are above a threshold value. Herein there is also described, a method and apparatus 
for monitoring a braking system comprising sensing a plurality of braking parameters having values dependent upon wear in the 
system and different faults of the system, and identifying and recording wear and faults based on combinations of values of said 
parameters. 
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BRAKE CONDITION MONITORING 



This invention relates to a system and method for monitoring brake applications, 
more particularly but not exclusively monitoring the application of the brakes of an 
aircraft, for example, to determine the condition of the brakes. The invention also 
relates to a system for operating a braking system maintenance programme and to 
a system for charging a user of a braking system. 

Carbon-carbon brake discs are commonly used in aircraft brakes. The service life 
of a carbon-carbon brake is commonly quoted in terms of the number of landings 
the brake discs are expected to achieve before replacement, the number of landings 
being routinely logged for maintenance and airworthiness requirements. The 
expected number of landings is commonly used as a guarantee of minimum service 
life for heat packs that are sold or to ^calculate the cost per brake landing (CBL) 
where brake heat packs are leased to operators by the brake manufacturers. 

Aircraft brakes, especially those empk^ing carbon-carbon composite materials as 
the friction discs in a multi-disc arrangement, may suffer damage that can effect 
the performance of the brake during service. Routine inspection of brakes between 
scheduled services includes inspecting the wear pin to ensure sufficient material is 
available to enable the heat pack to safely absorb the energy of a stop without 
overheating and damage to the heat pack and surrounding components. Inspection 
of the wear pin will only reveal when the heat pack is reaching the end of its wear, 
life and wall not show other problems that can adversely affect performance of the 
brake such as broken discs, missing drive tenons, oxidation, uneven disc wear, 
brake drag or contamination. 
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It is desirable to have accurate information for determining the condition and 
predicting the life of carbon-carbon brake discs. This is important for safety as well 
as commercial reasons. For example, the high costs of carbon-carbon brake discs 
and delivery lead times in the order of six months makes provisioning of spares an 
important issue if inventory and hence working capital is to be minimised. 

In use aircraft brakes are applied in five situations: when landing, when taxiing, 
when stationary, during pre-retract braking and, very rarely, during a rejected take 
off. This is an important point, for example, because it has been realised that the 
rate of wear of a carbon brake is dependent to a major extent on the number of 
brake operations effected and not on the energy dissipated during the operation. 
Thus, the wear during a taxi snub on a cold carbon-carbon brake is similar to that 
of a full landing. 

The prior art relating to brake monitoring includes DE-A-3433236 which discloses a 
brake application monitoring device intended for use in vehicle or aircraft. This 
device comprises a chart recorder with traces driven by a transducer measuring the 
brake force, e.g. by sensing the hydraulic pressure applied, and an inertial sensor 
responsive to the actual deceleration of the vehicle or aircraft. However, there are 
several disadvantages with this proposal. For example, the brakes on an aircraft 
may require an applied pressure of approximately 150 psi simply to close the 
clearance in the brake before any braking effect is seen. However, a relatively small 
increase in that applied pressure may be all that is necessary to achieve the desired 
braking effect for a taxi snub. In many existing systems there is little or no sensing 
of brake pressure which means that modifications to those systems would be 
needed if brake pressure is to be used as a means of determining brake application. 
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The use of an inertial sensor is not able to identify all kinds of braking operation 
carried out, for example check braking against engine thrust, and it might 
erroneously identify as a braking application a deceleration due to drag, wind 
effects or throttling back the engines as a braking application. 

In the context of a braking system such as an aircraft wheel brake, it is known to 
measure physical parameters associated with the braking effect during an 
operation of the system with a view to regulating that effect. 

For example, in a hydraulic servo operated aircraft brake system (autobrake) the 
extent to which the pilot has depressed the brake pedal, i.e. the brake demand, may 
be measured and the resulting hydraulic pressure applied to the brakes regulated 
to a value appropriate to the demand. In more complex examples, further 
parameters are measured. Thus, US Serial No 4,790,606 to Reinecke discloses 
apparatus for measuring and/ or regulating a braking force, which apparatus 
includes a deceleration sensor, a brake temperature sensor, a mass sensor and an 
evaluation means which uses the signals from these sensors to achieve the 
measurement and/or regulation. US Serial No 4,592,213 to Rapoport discloses a 
braking system comprising temperature, friction and pressure sensors and means 
for comparing the signals from these sensors with predetermined values and 
automatically operating the braking system accordingly. US Serial No 4,572,585 to 
Guichard and US Serial No 4,043,607 to Signorelli et al also disclose systems of 
such a nature. 

In some cases, the existence of excessively inefficient braking is signalled, e.g. by a 
warning signal to the pilot of an aircraft. 
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According to the invention in one aspect there is provided a system for monitoring 
the usage of brake members having facing friction surfaces, the system comprising 
means for detecting each actuation of the brakes and means for making a separate 
record of each actuation of the brakes in which there is relative movement of the 
facing friction surfaces which causes wear, and from that separate record 
determining brake usage. 

Preferably the system includes means for generating a signal according to changes 
of increase in temperature of the brake members on actuation of the brakes and 
means for distinguishing between those non-wear generating actuations which 
cause an increase below a threshold value of the temperature increase parameter 
and those wear generating actuations which cause an increase above a threshold 
value. 

Preferably the system includes means for processing the signals to distinguish 
between those which fall below and those which are above the threshold value. 

The invention could be applied to an existing or new aircraft by the addition to the 
brake of a stand-alone unit with its own power supply or an external power supply 
from the aircraft systems. Alternatively, brake control hardware and/ or software 
could be modified to incorporate the system into existing and new aircraft. 

Methods for data storage and downloading such stored information are well known. 
The information on brake usage could be downloaded at some convenient time such 
as during maintenance of the aircraft. Data could be read directly from a visual 
display or downloaded to a portable facility for analysis later. Alternatively the 
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recording unit could be removed for analysis at another site. The information could 
also be stored, for example, on a memory card that would be easier to remove than 
the whole unit. 

The system of the invention could utilise the current anti-skid control unit (ASCU) 
by including extra algorithms within the current software, or a stand-alone box that 
could be positioned either on the brake or somewhere within the aircraft. Different 
parameters (hydraulic pressure, temperature, wheel speed, torque, pedal deflection, 
brake wear) could be used within algorithms to detect when an application has 
taken place and possible what kind of application it was. The recorded information 
could be downloaded for analysis of the brake usage and the information could be 
used for maintenance, spares provisioning and/or charging purposes. 

Information downloaded from the system could be used to build a detailed picture 
over a period of time of brake usage for each airline operating an aircraft ts^pe. This 
information could then be used to accurately predict when maintenance will be 
required and when heat packs will need changing. This will allow more accurate 
provisioning of heat pack spares, reducing inventory of these expensive carbon 
discs at the airline and brake manufacturer and hence reducing operating costs. 

Information downloaded from the system could be used to give more reliable 
guarantees of brake service life by accounting for the wear due to different types of 
brake usage. The information could alternatively be used to extend a CBL payment 
scheme to charge for all brake applications, rather than only landings, with the 
charge for each brake application related to the type of usage and associated wear. 
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The monitoring system could be an additional unit added to the aircraft or it could 
be incorporated into the existing brake management control system. 

In another aspect the invention provides a method of monitoring the usage of brake 
members having facing friction surfaces, the method comprising the steps of: 

• detecting each actuation of the brakes; 

• making a separate record of each actuation in which there is relative movement 
of the facing friction surfaces which causes wear, and 

• determining brake usage from that record. 

Congestion at many airports results in a considerable number of brake applications 
during taxiing where relatively little energy is dissipated compared with that 
dissipated during a landing run. This high number of brake applications during 
taxi braking can considerably reduce the expected life of the carbon brake disc heat 
pack. This can result in additional cost for aircraft operators where expected brake 
life is not achieved. Where operators pa}' for brakes on a CBL basis, an airline that 
averages only 2 taxi snubs per landing sequence would be charged the same CBL 
rate as an airline that operated from busier airports and averaged 20 snubs per 
sequence. If information on the type of brake application could be recorded a more 
detailed picture of an aircraft's brake usage could be built up to assist stock control 
and develop a pricing scheme reflecting brake usage. A knowledge of the factors 
influencing brake life could also be used by airlines to educate pilots in brake 
techniques to extend brake life and reduce operating costs. 



WO 02/12043 



PCT/C BO 1/03494" 



7 

When the aircraft is stationary there is no relative rotational movement of 
contacting friction surfaces and, as applications of the brakes will not generate 
wear of the carbon, it may be decided that it is not desirable to record these 
applications. The difference between applications of the brakes while stationary 
and applications where the aircraft is moving can be ascertained by a system that 
considers the aircraft speed at the moment the brake is applied or considers the 
conversion of kinetic energy to heat. If the aircraft speed, measured for example by 
the signal from a wheel speed transducer, is below a certain threshold value the 
aircraft can be considered to be stationary and the brake application will not be 
logged/recorded. If the aircraft speed is equal to or above the threshold value the 
application of the brake will be recorded to provide information on brake usage. 

During a brake application the braking energy is dissipated through the brake as 
heat. Therefore, it is theoretically possible to sense even the slightest brake 
application through the change in brake temperature. Temperature sensors are 
routinely incorporated in brake units so it is possible to sense brake applications 
within the system with no or limited modification to existing brakes. The brake 
temperature signal can be processed to give reliable indications of all brake 
applications. 

As noted, aircraft brakes may be applied in five different situations; when landing, 
when taxiing, when stationary, during pre-retract braking and, occasionally, during 
a rejected take-off. Each type of brake application is be carried out within a 
respective range of inputs, for example brake fluid pressure, pilot pedal deflection 
or wheel speed and each type of brake application should produce a relatively 
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predictable response from the brake in terms of outputs such as, for example, heat 
pack temperature rise or torque generated. 

According to a third aspect of the invention, there is provided a method for 
monitoring a braking system comprising: 

• during an operation of the braking system, sensing a plurality of parameters 
associated with the braking system, said parameters including some having 
values dependent upon wear in the system and different faults of the system; 

• identifying respective signature combinations of values of said parameters, 
which combinations are representative of operation of the S}>:stem whilst it is 
subject to said different degrees of said wear and different ones of said faults; 

• identifying and recording the existence of said wear and said faults. 

According to a fourth aspect of the invention, there is provided apparatus for 
monitoring a braking S3'stem comprising: 

• sensor means coupled to the braking system for sensing a plurality of 
parameters associated with the operation of the system, said parameters 
including some having values dependent upon wear in the system and different 
faults of the system; and 

• processing means for identifying respective signature combinations of values of 
said parameters, which combinations are representative of operation of the 
system whilst it is subject to said different degrees of said wear and different 
ones of said faults, said processing means being further operable for identifying 
and recording the existence of said wear and said faults. 
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According to a fifth aspect of the invention, there is provided in apparatus 
comprising a braJking system and signal supply means operable to supply signals 
representative of parameters associated with operation of the braking system, a 
brake monitoring system comprising: 

( i) signal receiving and storing means connected to receive said signals 
and storing an on-going record thereof; 

( ii) signal processing means for monitoring said record and for identifying 
changes in one or more of the signals indicative of one or both of 
braking system wear and a possible braking system fault, and 

(iii) signalling means for signalling said wear and/or said possible fault. 

According to a sixth aspect of the invention there is provided a system for 
monitoring brake members having facing friction surfaces, the system comprising a 
brake control system capable of detecting brake inputs and outputs. 

The brake demand inputs are monitored and processed to predict expected brake 
outputs. The actual outputs are also monitored and compared with the expected or 
predicted outputs to derive information on the condition of the brake. Such 
information could be used to predict service life or detect problems that might lead 
to unscheduled maintenance or premature brake heat pack removal. 

Preferably the system will predict the expected brake outputs from the measured 
inputs and compare such expected outputs with the measured outputs. Where 
there is a variation between expected and measured outputs the system will 
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determine whether the variation is the result of a defect in the condition of the 
brake actuator or brake heat pack. 

Such a system for monitoring the condition of the brakes could be carried out 
within the brake control system, with the addition of hardware or software as 
necessary. Alternatively, monitoring could be carried out within a dedicated 
condition-monitoring unit fitted to the aircraft and receiving signals from brake 
control system hardware components and additional hardware components if 
required. 

The system can include means to alert the pilot or ground personnel if a fault in the 
brake condition is detected to allow maintenance to be carried out at the earliest 
opportunity so as to minimise the risks to aircraft safety and increase aircraft 
despatchability. For alerting the pilot to any fault a display could be provided in the 
cockpit. Personnel on the ground could be alerted to any detected faults by a 
display on or from the brake control system or dedicated condition monitoring 
system during pre-flight checks or by a signal to a ground base. 

Signals that could be monitored and processed to provide a brake "signature" from 
which information on brake condition can be derived include but are not limited to 
pilot pedal deflection, brake fluid pressure, wheel speed, anti-skid activity, brake 
temperature, brake torque, brake wear, number of brake applications, brake 
application time, vibration, brake chassis acceleration, acoustic signature, brake 
odour. In addition, information can be received from other aircraft systems such 
as, for example, aircraft weight. Some of these signals can be regarded as inputs to 
the brake and reflect the type of brake application that is called for by the pilot or 
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auto-brake system, for example a landing or taxi snub. Such inputs include but 
are not limited to pilot pedal deflection or auto brake demand, brake fluid pressure, 
brake application time and wheel speed. Other monitored signals can be regarded 
as outputs resulting from the brake application and condition of the brake. Such 
outputs include but are not limited to brake torque, brake temperature, vibration, 
acoustic signature, acceleration and brake odour. 

Where a brake heat pack is in as new condition with full amount of wearable 
material available and all disc drive tenons in place the heat pack will have a 
maximum number of friction surfaces in operation during brake applications. In 
addition there will be a maximum heat pack mass available to absorb the heat 
generated during the brake application. From the processing of a combination of 
some or all measured inputs including but not limited to wheel speed, pilot brake 
pedal or auto-brake demand, brake fluid pressure and anti-skid activity a number 
of expected outputs can be determined. Such outputs or brake signature include 
but are not limited to brake torque, brake temperature, acoustic signal, vibration, 
acceleration and brake odour. 

As the condition of the heat pack changes the monitored output or signature 
described above will change for any given set of brake inputs. 

Such a system could also monitor other aspects of the undercarriage to detect 
problems related to the wheel and brake. This might involve monitoring for 
example the temperature of the wheel bearing, the temperature of the tyre or the 
tyre pressure. 
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Looking at a simple and common scenario, if the heat pack is worn there will be 
less material available to absorb the energy dissipated by any given brake 
application. This will result in a greater rise in heat pack temperature than would 
be seen in a new heat pack. The greater the degree of wear, the greater will be the 
resulting rise in heat pack temperature. 

Considering a different scenario, if all the drive tenons on a single rotor disc are 
broken this will result in the loss of 2 friction surfaces. In such a case, when 
compared with a brake with all friction surfaces available, the same brake control 
system inputs of pilot brake demand, brake fluid pressure, brake application time, 
wheel speed and anti-skid activity will result in a lower brake torque being 
generated, less rapid deceleration and a lower increase in temperature. 
Alternatively, if a deceleration regulating autobrake is in operation, it will act to 
regulate deceleration for a given pilot demand by controlling the brake fluid 
pressure. Hence, the main effect of the drive tenons of a rotor disc becoming 
broken will be an increased brake fluid pressure. 

In order that the invention may be well understood it will now be described by way 
of example only with reference to the accompanying diagrammatic drawings, in 
which: 

Figure 1 is a simplified diagram of one embodiment of system of the 
invention; 

Figure 2 is a simplified diagram of another embodiment of system of the 
invention; 
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Figure 3 is a graph relating to a first dynamometer test sequence on a 
particular aircraft carbon disc brake with temperature T degrees C as the 
ordinate and time S seconds as the abcissa and showing (A) temperature as 
represented by a signal from a temperature sensor incorporated in the brake 
and (B) the same signal after being filtered; 

Figure 4 is a graph similar to Figure 3 but only showing (C) the filtered signal 
and for a different dynamometer test sequence. 

Figure 5 is a main graph of amplitude M versus time T for the signal of 
Figure 4 after numeric processing using a computer, Figure 5 also comprises 
three diagrams amplifying respective details of the main graph. 

Figure 6 is a simplified circuit diagram of a brake condition monitoring 
system. 

The system shown in Figure 1 is applied to one wheel 1 of an aircraft (not shown) 
having a carbon-carbon multi-disc brake assembly 2 with a hydraulic actuator 
mechanism 3. Mechanism 3 is driven through line 5 by a hydraulic system of a 
type containing an ASCU and known in the art. A brake temperature sensing unit 
4, typically a thermocouple, is located adjacent the assembly. To record brake 
usage, the signal from the thermocouple is input to unit 10 via an interface 11 to 
processor 12 where the signal is processed by an algorithm in known manner to 
detect when a brake application has been made. The processor output is recorded 
in the Non Volatile Memory (NVM) unit 13 from which information can be 
downloaded from a suitable access port (not shown) inside the unit 10 or on an 
external surface of the unit. 
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In order for unit 10 to be able to function independent of other control systems on 
the aircraft there is provided within unit 10 battery means 14 for providing power to 
the unit. During the majority of the unit's life the aircraft will be stationary or in 
flight, therefore, in order to preserve battery power, and hence extend unit life, a tilt 
switch 15 and a motion sensor 16 are present. The tilt switch would break the 
power line from the battery to processor when the undercarriage is withdrawn and 
the motion sensor will be used to send the processor into sleep mode during periods 
of inactivity. 

Referring to Figure 2, outputs from the thermocouple 4, brake pressure transducer 
6 and wheel speed transducer 7 are taken from an aircraft wheel, brake and brake 
actuation system (not shown) of a type shown in Figure 1. These output signals are 
input to the processor 24 in unit 20 via signal conditioning interfaces 21, 22 and 
23. The signals are processed by algorithms to detect when a brake application 
has been made and the type involved. The processor output is recorded in unit 25 
for which information can be downloaded from a suitable access port (not shown) 
inside the unit 20 or on an external surface of the unit. Records downloaded from 
the unit will show not only the number of brake applications but also the type of 
brake application, for example distinguishing between taxi snubs and landings. 

A "wake-up" call 26 is again incorporated to preserve the life of the battery 27 and 
can incorporate functions such as a tilt switch and/ or motion sensor as described 
for the system of Figure 1 . 

The systems of Figure 1 and Figure 2 represent stand-alone units added to the 
aircraft to monitor the brake applications, but the processing of the signals to be 



WO 02/12043 



PCT/GB01/03494 



15 

detailed below can also be incorporated into existing brake control units by 
modification of hardware and/ or software. 

In the systems described above a temperature signal at the Brake Temperature 
Monitor Sensor (BTMS) is shown at A in Figure 3 for three taxi snubs performed on 
a dynamometer for a carbon brake from a regional jet aircraft. Temperature rises 
TR1, TR2 and TR3 in the order of 2.5°C are shown but noise resulting from 
interference by other equipment makes the shape of the trace difficult to see. The 
system therefore includes means for filtering, differentiation and amplification of 
the signal. 

The signal B of Figure 3 has been processed by a fourth order filter. Although the 
trace is now smooth the individual temperature rises caused by each brake 
application are not easily detected so the signal is processed further by 
differentiating twice and amplified. A suitable computer programme performs the 
necessary numeric algorithm and makes a decision on whether or not a brake 
application has taken place, if so, the brake application can be recorded. Figure 4 
shows the output for a full dynamometer test sequence consisting of three taxi 
snubs, one full landing followed by three taxi snubs, a short rest period and then 
another three taxi snubs. Figure 5 shows the same output after processing using 
the algorithm. Peaks above a predefined amplitude in the Figure 6 output indicate 
brake applications. From Figure 5 the peaks clearly identify all the individual brake 
applications of the dynamometer test programme. This dynamometer test work has 
been found to read across to data taken in aircraft testing. It has been shown in 
testing with the processed temperature signal that a reliable indication of a brake 
application can be detected even where temperature changes of less than 1°C are 
seen. 
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Analysis of the output is more suited to some aircraft than others, depending on the 
positioning of the BTMS in the brake. The optimum position for temperature 
sensing will depend on the design of the brake in question. In some brakes the 
optimum position might be close to the centre of the heat pack. Generally the 
closer the temperature sensor is to the optimum position in the brake the more 
sensitive will be the temperature detection during a brake application. For 
example, the sensitivity for temperature measured at the centre of a four rotor 
brake might be several times greater than elsewhere within the brake. 

The processed temperature data can be recorded on its own to give an indication of 
the number of brake applications using apparatus such as is represented in the 
diagram of Figure 1, or combined with wheel speed and /or brake pressure to give a 
more detailed record of the type of brake application that has been made, i.e. taxi 
snub or landing using apparatus as shown in Figure 2. 

The invention is not limited to the embodiment shown. The signals may be derived 
from and processed by components in existing brake control units. The 
temperature may be sensed or measured iising a device other than a thermocouple. 

The system shown in Figure 6 incorporates an electronic brake management 
controller 101 of a type known in the art to manage all aspects of brake control 
including monitoring pilot braking demand and controlling the application of 
pressure to the brake in accordance with pilot demand and detected skid activity. 
Pilot brake demand inputs to the controller are provided by monitoring means 102. 
These inputs include but are not limited to pedal deflection and pressure demand. 
The controller will also monitor signals from sensors 103 in the wheel and brake 
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104 including but not limited to wheel speed, temperature, pressure stator position, 
brake torque, brake fluid pressure. Signals from sensors in other areas of the 
undercarriage such as, for example the tyre and axle could also be used to monitor 
the condition of a range of components and assemblies forming part of the aircraft 
landing gear. Also, information such as aircraft weight could be inputted to the 
controller from one or more other a/c systems (these are represented by block 107 
in the drawings). 

The controller analyses the signals relating to pilot demand and the brake to 
evaluate a brake performance signature indicative of how the brake is performing. 
This brake performance signature could be compared against the signature for a 
heat pack in as new condition. Alternatively, over a period of time a record of a 
brake's performance can be built up that will allow statistical analysis showing 
trends in the brake performance signature and allow the controller to predict an 
expected signature for a given brake application. Where deviations from the 
expected signature occur the controller would be able to identify potential brake 
problems that might have caused the variation. 

Problems identified could then be signalled to an on-board maintenance computer 

105 capable of alerting the crew or ground maintenance staff. Alternatively, or 
additionally data from the controller could be downloaded from a data port by 
ground staff during routine maintenance or pre-flight inspection. Such a port 106 
could also be accessed by the brake supplier for downloading information about 
brake service, including number of brake applications and type of brake 
application. This service information could be used on its own or in combination 
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with condition monitoring data for brake life prediction and/or commercial 
purposes. 

Such a brake management controller could also manage the auto-braking function 
of the braking system. 

In the system of Figure 6, the extent of heat pack wear is estimated by monitoring 
pilot brake demand and signals from wheel speed, brake fluid pressure and brake 
heat pack temperature. For a given set of operating conditions, for example, brake 
demand and speed, the controller compares the measured temperature rise with an 
expected temperature rise. The difference between these values give an indication of 
heat pack wear with a greater degree of wear resulting in a greater temperature rise. 
Additionally, the controller incorporates a threshold value of temperature difference 
for any braking requirement, the threshold value representing the difference 
between the temperature expected for a new heat pack and a fully worn heat pack. 
As this threshold value of temperature difference is approached, the flight crew or 
ground crew are alerted that the heat pack is approaching the wear limit. 
Alternatively, the controller or onboard maintenance computer could send a signal 
using known communications technology, such as for example via satellite link, to 
the aircraft operator's maintenance base or the brake supplier's base so that 
maintenance action may be planned and replacement parts provisioned. Such 
signals could be sent on a regular basis to allow external monitoring of brake 
condition or once only when the wear reaches a predetermined value to alert that 
maintenance and spares provisioning is required. The timing of such an alert 
signal could allow for the lead-time for supply of the parts thereby minimising stock 
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levels and hence reducing working capital of the brake supplier and aircraft 
operator. 

The heat pack might lose mass for reasons other than wear, for example, by 
oxidation of carbon friction material or loss of a number of drive tenons. Such loss 
of mass will result in a larger increase in temperature in the brake performance 
signature than would be seen if the fault were not present. 

Where the reduction of mass is caused by loss of a number of drives in the heat 
pack, this would result in a step increase in the temperature rise during a brake 
application when compared to the temperature rise predicted from statistical 
analysis of brake signature trends for a number of stops over a period of time. The 
size of the step increase in temperature during brake applications would be greater 
the more drives were removed from the discs in the heat pack. 

Estimates of heat pack mass can also be made from X ps and (delta)T (refer to Table 
1). If these estimates of mass do not match this would suggest some form of 
damage such as broken drives or oxidation. 

A disc with all drives broken off is detected in the system of Figure 6 by monitoring 
signals representing brake torque, brake temperature and the brake acoustic 
signature. If the drive tenons on a rotor disc or double stator disc are broken this 
will result in the brake having 2 less friction surfaces when the brake is applied. 
For a given brake demand, brake pressure, duration of brake application and wheel 
speed there will be a correspondingly lower torque generated because of the loss of 
the 2 friction faces and a resulting lower brake temperature than would be seen 
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under the same brake application conditions with a heat pack where all friction 
surfaces are operational. The number of ineffective friction surfaces in a brake will 
depend on the extent of damage to the heat pack. The deviation in brake torque 
and temperature from expected values could be analysed to determine how many 
friction faces were ineffective. 

In comparison, under auto-braking conditions, if the drives on a discs are broken 
the brake will be controlled to achieve a predetermined brake torque and the system 
will deliver an increased brake fluid pressure to achieve this required torque. 
Therefore, under auto-braking a pressure higher than expected would indicate a 
disc with broken drive tenons. The deviation in brake pressure from that expected 
could be analysed to give an indication of how many friction surfaces were no 
longer effective, so providing an indication of the extent of damage. 

In a brake with broken drive tenons on a disc, the acoustic signature of the brake 
during brake applications will be different from the acoustic signature of a brake 
with the same amount of wear and all friction faces working effectively. The acoustic 
signature is detected by a microphone. The signal from the microphone is input to 
the brake management controller for analysis to detect variations from the expected 
signature. 

Other scenarios outlined in Table 1 could be detected and reported in a similar way 
to those scenarios described above. The scenarios outlined in Table 1 are to be 
considered as illustrative examples of brake conditions that could be detected and 
not an exhaustive list. 
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References herein to brake odour, scent and olefactory sensing applies to the 
process using appropriate transducers of detecting the presence and/or level of 
certain gases or combinations thereof and/ or of vapour or particulates in and 
around the brake apparatus. 
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TABLE 1 

Possible sensor inputs: 



Ps 




Brake Fluid Pressure 


CO 




Wheel Speed 


T 




Brake Torque 


Xpedal 


■=> 


Pedal Deflection 


t 




Time 


Acoustics 


Brake 


Acoustic Signature 


T B 


=> 


Brake Temperature, measured at various positions through brake 


Xps 


=> 


Pressure Stator Position 


a 


■=> 


Acceleration 


Olfactory 


=^> 


Scent 


T B earing 


=> 


Wheel bearing Temperature 


Tjyrc 




Tyre Temperature 


PTyre 




Tyre Pressure 


A 




Change in 





Expected Change in Signature 


Failure Modes 


For Constant Pressure 


For Auto brake 




Demand 


(deceleration) demand 


Cracked Brake Disc 


HighT B 


High T B 




and/or 


and/or 




AAcoustic 


AAcoustic 


Broken Drive 


Lowt 


HighP 




and 






Low T B 






and/or 






AAcoustic 




Missing Brake Disc 


Large AX PS 


Large AX PS 




and 


and 




Low x 


HighP 


Residual Torque 


AT B 


Ab 




and/or 


and/or 




At 


A 




and 


and 




No APedal/AXps/AP 


No APedal/AXps/AP 


Excessive Oxidation 


Lowx 


HighP 




and/or 


and 




High T B 


High T B 


Excessive Spline Friction 


Variation in T B 


Variation in T B 




across brake 


across brake 


Excessive Contamination 


AOlfactory 


AOlfactory 


Cracked Torque Tube 


AAcoustic 


A coustic 


Tyre Fuse Plug Leakage 


LowP TvTe 


Low P Tvre 


Wheel Bearing Fatigue Failure 


High TsearinG 


High T Bearirm 



Note: Low/High refers to lower/higher than expected 



WO 02/12043 



PCT/G BO 1/03494 



23 

CLAIMS 

1. A system for monitoring the usage of brake members having facing friction 
surfaces, the system comprising means for detecting each actuation of the 
brakes and means for making a separate record of each actuation of the 
brakes in which there is relative movement of the facing friction surfaces 
which causes wear, and from that separate record determining brake usage. 

2. A system according to Claim 1, including means for generating a signal 
according to changes of increase in temperature of the brake members on 
actuation of the brakes and means for distinguishing between those non-wear 
generating actuations which cause an increase below a threshold value of the 
temperature increase parameter and those wear generating actuations which 
cause an increase above a threshold value. 

3. A system according to Claim 2, including means for processing the signals to 
distinguish between those which fall below and those which are above the 
threshold value. 

4. A system according to Claim 2 or 3, wherein means are present for filtering 
and differentiating the signal. 

5. A system according to Claim 4, wherein the differentiating means is arranged 
to differentiate the signal twice. 
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6. A system according to any preceding Claim, comprising a stand alone unit and 
a dedicated batteiy therefor. 

7. A system according to Claim 6, including means for disabling the battery. 

8. A system according to Claim 7, wherein a tilt switch and/or motion sensor are 
present as the disabling means. 

9. A method of monitoring the useage of brake members having facing friction 
surfaces, the method comprising: 

detecting each actuation of the brakes; 

making a separate record of each actuation in which there is relative 
movement of the facing friction surfaces which causes wear, and 
determining brake usage from that record. 

10. A method according to Claim 9, including the steps of: 

detecting a change in temperature of the brake members on actuation 
of the brakes; 

generating a signal according to the detected changes, and 

identifying from the signal those actuations which cause a change in a 
temperature increase parameter above a pre-selected threshold value. 
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11. A method for monitoring a braking system comprising: 

during an operation of the braking system, sensing a plurality of 
parameters associated with the braking system, said parameters 
including some having values dependent upon wear in and different 
faults of the system; 

identifying respective signature combinations of values of said 
parameters, which combinations are representative of operation of the 
system whilst it is subject to said different degrees of said wear and 
different ones of said faults; 

identifying and recording the existence of said wear and said faults. 

12. Apparatus for monitoring a braking S3'stem comprising: 

sensor means coupled to the braking system for sensing a plurality of 
parameters associated with the operation of the system, said 
parameters including some having values dependent upon wear in the 
system and different faults of the system; and 

processing means for identifying respective signature combinations of 
values of said parameters, which combinations are representative of 
operation of the system whilst it is subject to said different degrees of 
said wear and different ones of said faults, said processing means 
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being further operable for identifying and recording the existence of 
said wear and said faults. 

13. In apparatus comprising a braking system and signal supply means operable 
to supply signals representative of parameters associated with operation of 
the braking system, a brake monitoring system comprising: 

( i) signal receiving and storing means connected to receive said signals 
and storing an on-going record thereof; 

( ii) signal processing means for monitoring said record and for identifying 
changes in one or more of the signals indicative of one or both of 
braking system wear and a possible braking system fault, and 

(iii) signalling means for signalling said wear and/ or said possible fault. 

14. A brake monitoring system according to Claim 13, wherein the signal 
processing means is operable to compare present values of said signals 
against said on-going record thereof. 

15. A brake monitoring system according to Claim 13 or 14, wherein the signal 
processing means is operable to compare said signals against predetermined 
expected values thereof. 

16. A brake monitoring system according to Claims 13, 14 or 15, wherein the 
signal processing means is operable on the basis of a trend of the values of 
one of said signals during a plurality of successive brake applications to 
predict an expected value of said signal during a subsequent brake 
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application, and for comparing the actual value of said one signal against 
said expected value. 

17. A brake monitoring system according to Claim 16, wherein said signal 
processing means is operable to identify the said trend by statistical analysis 
of the values of said one signal during said plurality of successive brake 
applications. 

18. A brake monitoring system according to Claim 13, 14 or 15, wherein the 
signalling means is operable for signalling said wear and/or said possible 
fault to a local operator of the said apparatus on a real time basis; and/ or for 
signalling said wear and/ or said possible fault to a remote operator via 
wireless communication means; and/ or for signalling said wear and/ or said 
possible fault by making data available at a local data port for periodic off- 
line access. 

19. A brake monitoring system according to any one of Claims 13 to 18, wherein 
said apparatus is an aircraft and said braking system is a wheel braking 
system of the aircraft. 

20. A system according to any one of Claims 13 to 19, wherein the signal 
processing means is operable for distinguishing between respective categories 
of brake application distinguished by respective combinations of intensity 
and duration of the application, for sensing braking performance during 
brake applications, and for predicting braking performance during future 
applications of the same or a different category. 
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21. A brake monitoring system according to any of Claims 12 to IS, wherein said 
parameters includes input parameters that may affect the operation of said 
braking system and output parameters that are affected by the operation of 
the braking system. 

22. A brake monitoring system according to Claim 21, wherein said input 
parameters include one or more of braking demand, brake application 
duration and the speed of movement and weight of the apparatus in which 
the braking system is comprised. 

23. A brake monitoring system according to Claims 21 or 22, wherein said 
output parameters include one or more of brake torque, brake temperature, 
vibration, acoustic signature, acceleration and brake odour. 
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